Introduction
It is widely recognized that services are playing an increasing role in the economies of the EU27, particularly in those countries subject to deep processes of structural change. Service industries are accounting for growing shares of value added and employment and becoming more and more important for the whole industrial dynamics (Tomlinson, 2000; Lundvall, 2002; Castaldi, 2009; Camacho et al., 2012) . One feature of this process is that the boundaries between goods and services are blurring (Miles & Boden, 2000) and we are facing the development of a new type of society where the secondary and tertiary sectors are more and more intimately intertwined. Howells (2000) employs the term "encapsulation" to highlight the fact that manufacturing firms obtain an increasing percentage of their turnover from the provision of service activities. He explains that there are two main ways in which this phenomenon occurs: the good can be offered in combination with services as a "package", which includes both the good and some services (for instance in the case of cars, the financial, insurance and maintenance services) or a service can replace the good itself (in aerospace engines you buy a certain number of hours of flight, independently from the number of engines you would use). In this scenario to understand how services innovate, and, in the particular case of those services mainly provided to other firms, how they can help other firms to innovate becomes extremely important.
But the service sector has traditionally appeared as a poor innovator. Statistics have contributed to this vision on services. The precise assessment of innovative activities in the service sector is a complex issue and pioneering databases tended to underestimate services´ R&D expenditures for some countries (Young, 1996; Amable & Palombarini, 1998) . Nevertheless recent research is progressing in providing a better understanding of innovation in service industries. An important fact to bear in mind is that the broad service sector encompasses industries which are very different from each other with respect to innovation efforts and innovation results. Along these lines the elaboration of sectoral taxonomies on innovation, inspired by Pavitt's seminal work (Pavitt, 1984) , constitutes a first appraisal of these differences (Evangelista, 2000; Miozzo & Soete, 2001; Hollenstein, 2003; van Ark et al., 2003; Hipp & Grupp, 2005; Castellaci, 2008) . Within the most innovative activities (commonly described as science-based industries) a group of services called knowledge-intensive business services (KIBS) stands out. The pioneering work by Miles et al. (1995) characterized this group of highly innovative services by relying heavily on professional knowledge, being sources of knowledge and being of competitive importance for their client firms. They distinguished two main kinds of activities, for one part those traditional professional services (p-KIBS), which include business services like consultancy or marketing, and, for the other part, new-technology based services (t-KIBS), comprising activities like computer related services or research and development. In their review of the literature on KIBS, Muller and Doloreux (2009) highlight that KIBS are mainly concerned with providing knowledge-intensive inputs to other organizations, so they are essential for the production, diffusion and use of knowledge and hence for innovation and competitiveness (Snieska & Draksaite, 2007) . Focusing on R&D, Doloreux and Shearmur (2012) note that KIBS can compensate for internal R&D missing in a firm or complement and strength internal R&D. More precisely, they distinguish four major stages to which R&D conducted by KIBS firms can contribute, namely, the research on potential innovations, the validation of new knowledge prior entering new markets, the application of new knowledge to modify operations or the production and marketing of new products. Moreover, in many occasions, the relationship between KIBS firm and its client is so close that both depend on the other´s R&D efforts to stay competitive (Czarnitzki & Spielkamp, 2003) . Overall, small and medium size enterprises (SMEs) are the major beneficiaries of the R&D developed by KIBS (Czarnitzki & Spielkamp, 2003; Muller & Doloreux, 2009; Muller & Zenker, 2001; Yam et al., 2011) .
The Lisbon Strategy adopted in 2000 was aimed at turning the European Union in the most competitive and dynamic knowledge-based economy in the world (European Council, 2000) . However, the evaluation of outcomes reveals not only that this major goal has not been achieved, but also the existence of great differences in the performance of the EU27 countries (Balezentis & Balezentis, 2011) . The current Europe 2020 tries to address the need for increasing knowledge and innovation, although its success will require taking into consideration a multiplicity of aspects and the solution of many problems (Melnikas, 2007; .
To achieve an R&D intensity of 3 % by 2020 is one of the five headline targets established for the EU27 countries (European Commission, 2010) . R&D expenditure is one of the traditional indicators of innovation inputs. But direct R&D expenditure tends to underestimate innovation efforts. When analyzing production systems, the computation of product-embodied R&D can help to provide a better picture of R&D intensities because intermediate consumptions contain R&D created by other industries 1 , and as a result, the use of intermediate consumptions from high-innovative industries can contribute to the development of innovations in the client industries. The measurement of these flows of productembodied R&D can be made using input-output analysis.
As the contribution of science based industries varies considerably across European countries due to different specialization patterns (Fagerberg, 2000; Castaldi, 2009) , this article aims to compare the role of KIBS across new and old member countries of the EU27. As far as our knowledge, there are no cross-country explorations of the R&D diffuser role of KIBS for the EU27: prior studies on product-embodied R&D have focused attention on 1 Intermediate consumptions can be domestic or imported. Capital goods are an additional source of acquiring embodied R&D. In this article our aim is to compare the role played by KIBS at the domestic level so we focus on domestic intermediate consumptions.
incorporation in high developed OECD countries. The purpose here is to apply an alternative methodology to measure and compare diffusion in a wide context: 19 of the EU27 countries. The results of the analysis can be useful in order to design economic policies both at national and at European level.
The structure of the article is as follows. Section 2 presents the methodology. Section 3 describes the dataset. Then, in section 4 we show how KIBS are accounting for a growing share of intermediate consumptions and how R&D intensity differs across countries, particularly as refers to the manufacturing sector. Next, we examine the relationship between R&D intensity and product-embodied R&D diffusion. The final section outlines the main findings.
Methodology
The first authors who calculated technological flows using input-output tables were Terleckyj (1974) , Davis (1982 Davis ( , 1988 and Scherer (1982) . The methodology employed here (Rodriguez, 2003; reformulates the model elaborated by Papaconstantinou et al. (1998) and applied to some service activities by Amable & Palombarini (1998) , Hauknes & Knell (2009) and Mas-Verdu et al. (2011) . Whereas these previous works focus on the incorporation of productembodied R&D, we develop a measure to approximate the diffusion of product-embodied R&D that takes place by means of the intermediate purchases of KIBS.
We start with the domestic supply model (Ghosh, 1958) . In the equilibrium it can be represented as a follows The direct R&D intensity for industry i can be defined as R&D expenditures per value added:
We can obtain a matrix of total domestic productembodied R&D diffused per unit of value added of industry i, by multiplying the diagonalized matrix of R&D intensities by the Ghosh output inverse matrix:
where (^) denotes a diagonal matrix whose elements are i r . One problem with this measure of domestic product-embodied diffusion is double counting. We can get around this problem by treating industry i as an exogenous industry in a modified Ghosh output inverse matrix 0* B .
We define A 
Data
The data used in this article were drawn from Eurostat. In particular two databases were employed: the inputoutput database and the Business Enterprise R&D Expenditures (BERD) database.
In most countries input-output tables are displayed by product whereas BERD data are provided by industry. Product-by-product symmetric input-output tables show technological relations between products and homogeneous units of production (branches). They are believed to be theoretically more homogeneous, since a single element of industry-by-industry tables can refer to products that are characteristic in other industries. As a result, it is assumed that they are better suited for most of input-output analyses (Eurostat, 2008) .
Eurostat statistics on R&D expenditures are compiled using the guidelines laid out in the Frascati Manual (OECD, 2002) . The Manual establishes that research and experimental development (R&D) "comprise creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society and the use of this stock of knowledge to devise new applications". The main breakdown of R&D is by institutional sector of performance: business enterprise sector, government sector, higher education sector and private non-profit sector. We employ data referred to the R&D developed by businesses (BERD), where the statistical unit is business entity.
While the databases exist both at the first and second revision of the NACE, only the former classification was used since the coverage of the latter was much more limited in terms of time span and countries. In addition, because of differences in reporting, we had to merge the two classifications. 
Results
First of all, we examine the evolution of the share of KIBS in intermediate consumptions. This confirms the arguments exposed in the introduction about the rising importance of services, and, to be more precise, of KIBS, within the production systems. At the very top, the share of KIBS in total intermediate consumptions in 2005 was superior to 27 % in Ireland. Countries like Belgium, Sweden, the Netherlands and Germany displayed shares higher than 15 %. On the contrary, Romania exhibited the lowest participation: only 1.82 % of total intermediates, although it was the country which experienced the largest growth rate over the period, almost twice the Irish growth rate, which was the second highest growth rate. In Lithuania and Slovenia the share of KIBS grew more than 5 % per year and Hungary and Austria exhibited growth rates near to this figure.
Textiles; Wearing apparel and furs; Leather and leather products; Wood and products of wood and cork (except furniture), articles of straw and plaiting materials; Pulp, paper and paper products; Printed matter and recorded media; Coke, refined petroleum products and nuclear fuels; Chemicals, chemical products and man-made fibres; Rubber and plastic products; Other non-metallic mineral products; Basic metals; Fabricated metal products, except machinery and equipment; Machinery and equipment n.e.c.; Office machinery and computers; Electrical machinery and apparatus n.e.c.; Radio, television and communication equipment and apparatus; Medical, precision and optical instruments, watches and clocks; Motor vehicles, trailers and semi-trailers; Other transport equipment; Furniture and other manufactured goods n.e.c.; Secondary raw materials; Electricity, gas and water supply; Construction work; Wholesale and retail trade, repair of motor vehicles, motorcycles and personal and household goods; Hotel and restaurant services; Land transport, transport via pipelines, water transport, air transport and supporting and auxiliary transport activities and activities of travel agencies; Post and telecommunication services; Financial intermediation services; Real estate and renting; KIBS; Public administration and community services. , and compare it with manufacturing and service sectors. In Table 2 we present the R&D intensities (in percentage) for manufacturing, services and KIBS in 2005 and the annual average growth rates over the period [2000] [2001] [2002] [2003] [2004] [2005] . The table reveals that differences in R&D intensities are large across the countries. Sweden and Finland were the countries with the highest R&D intensities. On the other hand, Estonia was, with difference, the country with the lowest R&D intensities in all sectors: although it displayed large growth rates this growth was "substantial, but not sufficient" (Kirch, 2010, p. 279) . A noteworthy exception within the group of high R&D intensive countries was Germany whose service sector was much less R&D intensive than the manufacturing one: Germany ranked the 3 rd in manufacturing but dropped to the 11 th and 12 th position in services and in KIBS, respectively. A possible explanation, as Hauknes and Knell (2008) point out, is that often German firms prioritize in-house supply of services, and more concretely of KIBS, so the R&D carried out by a manufacturing industry in statistical terms can be developed in practice by a KIBS activity. Comparing the three sectors (manufacturing, services and KIBS) one notices that the R&D intensity of KIBS is substantially superior to the average R&D intensity of the service sector in all countries. Nevertheless, in almost half of the countries examined the average R&D intensity of the manufacturing sector was superior to the R&D intensity of KIBS: Germany, Sweden, Netherlands, Belgium Finland, Slovenia, Hungary, Italy and Austria. This could be an indication of a higher specialization in high-tech manufacturing activities.
Ignoring the two countries with the lowest intensities, Estonia and Hungary, four major groups of countries in terms of the R&D intensity of their KIBS sector can be identified: very high (Finland, Sweden and Austria), high (Ireland, Czech Republic and Spain), medium (Greece, Belgium, Slovakia, Romania, Slovenia and Germany) and low (Portugal, Netherlands, Poland, Italy and Lithuania) .
Turning to the dynamics of R&D intensity, a first observation is that there is no general convergence pattern in R&D intensity in manufacturing: it increased the most in Ireland, a country with a medium-high intensity in 2000 whereas countries with low R&D intensities in 2000 experienced both high growth rates (Estonia and Portugal) and negative growth rates (Poland, Romania, Lithuania and Greece). On the contrary, a certain convergence trend is found for R&D intensity in services. It increased the most in Lithuania, Romania and Estonia, the countries with the lowest R&D intensities in services in 2000, and diminished in Slovenia, Finland and the Netherlands, with medium and high intensities in 2000. As far as the evolution of R&D intensity in KIBS, a similar trend is observed: it increased the most in Poland, Romania, Estonia, all countries with low intensities in 2000, and diminished in Slovenia, and, to a lesser extent, in Hungary, Belgium and Finland, all of them countries (excepting Hungary) with medium and high intensities in 2000. The reduction was much lower in Sweden.
After the examination of R&D intensities, we can use the methodology described in section 2 to calculate the product-embodied R&D flows between KIBS and the rest of industries. Table 3 Taking the KIBS sector in 2005, the ranking of countries according to the diffusion of domestic productembodied R&D per unit of value added indicates that Finland is the country where KIBS played the most important diffuser role. Sweden, the Czech Republic, Austria and Spain can also be classified as high diffusion countries. On the other hand, Estonia and Hungary exhibited very low product-embodied R&D diffusion per unit of value added for their KIBS sector. The remaining countries had product-embodied diffusion levels which varied from 0.0183 in Greece to 0.0069 in Lithuania.
The role of the KIBS sector as R&D diffuser is a function of its R&D intensity and the way each country uses the intermediate consumptions of KIBS in its domestic production system. As can be noticed, there is a high correspondence between R&D intensity and productembodied R&D diffusion: those countries described above as high diffusers were the countries with higher R&D intensities. On the other hand, Estonia and Hungary were the countries with lowest R&D intensities and displayed low flows of product-embodied R&D per unit of value added. However, there are differences that cannot be explained by R&D expenditures carried out but by KIBS sector but by its linkages with the rest of industries. Hence, we can differentiate between "strong" and "weak" diffuser countries, depending on whether they are able to diffuse more or less product-embodied R&D through the intermediate purchases of KIBS.
Among the group of "strong" diffusers the case of the Czech Republic stands out: its KIBS sector had R&D intensity of 3.13 %, much lower than that of Sweden (5 %) but it diffused almost the same product-embodied R&D per unit of value added (0.0313 in comparison with 0.0321). Slovenia, Poland and Italy also took advantage of R&D expenditures of KIBS, as they ranked higher in terms of diffusion (8 th , 12 th and 13 th positions) than in terms of R&D intensity (11 th , 15 th and 16 th positions). On the contrary, Ireland, Romania, Belgium and the Netherlands do not seem to be able to diffuse productembodied R&D as efficiently as the rest of countries analyzed. The most surprising example of "weak" diffusion is Ireland: in spite of having a high R&D intensive KIBS sector (it ranked 4 th in terms of R&D intensity) it only diffused 0.0145 product-embodied R&D per unit of value added, less than Slovenia, a country with the half R&D intensity. Romania is another example of poor diffuser role in comparison with R&D expenditure carried out: comparing again with Slovenia, in spite of having a similar R&D intensity, their diffusion flows per unit of value added were quite different -0.0102 in comparison with 0.0146. Other similar cases are Belgium and the Netherlands. R&D intensity of KIBS in Belgium was 2.26 %, very close to the figures of Greece (2.29 %) and Slovakia (2.15 %) but the differences in terms of diffusion per unit of value were considerably higher: Belgium diffused 0.0141 product-embodied R&D in comparison with 0.0183 in Greece and 0.0165 in Slovakia. Something similar happens with the Netherlands, with R&D intensity of 1.24 %, it only diffused 0.0088 productembodied R&D per unit of value added, less than countries with similar intensities like Portugal or Poland.
The hierarchy of countries evolved little over the period analyzed, being the rise of Poland and Romania in the major changes. In Italy the diffusion flow remained more or less stable and only in five countries the productembodied R&D diffused per unit of value added diminished over the period: Slovenia, Belgium, Finland, Hungary and Sweden. In all cases the major reason for the decrease was a reduction in R&D intensity.
Conclusions
The achievement of higher R&D intensity is one of the five headline targets established for the EU27 countries. It is well known that the service sector is accounting for a growing share of production and employment in the EU27 but, as the lion´s share of innovation (and R&D) efforts has traditionally been the manufacturing sector, the number of studies on the contribution of services to innovation performance has been very scarce until recent dates. Within the service sector industries differ considerably in terms of innovation. Sectoral taxonomies have proposed several categories of service industries but all classify a common group of services, those called knowledgeintensive business services (KIBS), as major innovators. Moreover, KIBS are more and more seeing as key agents in knowledge production, diffusion and use.
While most empirical works using input-output techniques carried out so far have examined the incorporation of product-embodied R&D starting from the demand model, this article has tried to present an assessment of the diffusion of domestic product-embodied R&D in a wide context: 19 of the EU27 countries. The comparative perspective allowed us to analyze both the individual performance of countries as well as the common features at the European level.
To inquire into the diffuser role of KIBS, the evolution's three aspects have been examined: their share in intermediate consumptions, their R&D intensity, and, finally, their product-embodied R&D diffusion per unit of value added.
First, a key point raised in this article is the increasing importance of the use of intermediate consumptions of KIBS. In almost all countries the share of KIBS in total intermediate consumptions grew in the period considered, the rate being particularly high in new member countries like Romania, Lithuania or Slovenia. Probably the reason for this rising share may be found in an increasing necessity in the production of goods and services to make use of KIBS to preserve competitiveness (Franke & Kalmbach, 2005) . Overall, countries tend to use KIBS produced in their own country, with a notable exception for Ireland, mainly due to the use of imported research and development services (88 % of the total) and other business services (70 % of the total). Finland was another country where the share of imported intermediate consumptions of research and development services was very high (97 % of the total). In the rest of the countries domestic intermediate consumptions accounted for more than 75 % of total intermediate consumptions and even more as in Portugal, Greece, Poland, Italy, Lithuania and Germany, where the share was superior to 90%. The need for face to face contacts in order to adequately diffuse tacit knowledge, and, in some cases, the language barrier, can be possible explanations.
Second, we have confirmed that the EU27 countries differ in terms of R&D intensities, both in the manufacturing, services and KIBS sector. As far as R&D intensity dynamics, while the service sector and KIBS sector were characterized by a certain convergence for most countries, there is no pattern of convergence or divergence in R&D intensities as far as the manufacturing sector is concerned. Anyway, leaving aside the two countries with the lowest intensities, Estonia and Hungary, four major groups of countries in terms of R&D intensity of their KIBS sector were distinguished: very high (Finland, Sweden and Austria), high (Ireland, Czech Republic and Spain), medium (Greece, Belgium, Slovakia, Romania, Slovenia and Germany) and low (Portugal, Netherlands, Poland, Italy and Lithuania).
Third, we found that, for most countries productembodied R&D diffusion was critically connected to R&D intensity. This implicitly confirms that countries that specialize in KIBS industries, as far as they are actively engaged in the development of R&D activities, can enjoy high rates of innovation compared to other countries. The clearest examples were Finland, whose high R&D intensive KIBS sector diffused much more productembodied R&D per unit of value added than any other country, and Sweden, the Czech Republic, Austria or Spain. On the opposite side we find countries like Estonia or Hungary with low R&D intensities and low diffusion levels. In our analysis we also identified a group of "weak" diffusion countries like Ireland, Romania, Belgium or the Netherlands where a different explanation may be put forward to justify their disappointing diffusion per unit of value added in comparison with R&D expenditures developed by their KIBS sector. The existence of weak linkages between KIBS sector and the rest of industries, and more specifically of weak forward linkages, can be the major reason for the "diffusion gap" of these countries.
As in other studies, one weakness is that R&D data employed include only R&D performed by enterprises. The inclusion of R&D from other sources, in particular public sources would be interesting. Another way to analyze further the R&D diffuser role of KIBS would be to include the diffusion through imported KIBS once data for key exporter countries like France or the United Kingdom, were available. Moreover, once input-output tables for more years were released by the OECD, statistical tests to assess the stability of the results should be conducted.
In any case, the results obtained bring to the fore the relevance of the linkages between industries in terms of the diffusion of product-embodied R&D and reminds us that high R&D intensity does not always constitute per se an indicator of high diffusion activity (such is the case of "weak" diffusion countries). This fact should be bear in mind when designing economic policies.
